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,QWURGXFWLRQ
%ULGJHVDUHYHU\LPSRUWDQWWKRXJKHVSHFLDOO\IUDJLOHFRPSRQHQWVRIWUDQVSRUWDWLRQLQIUDVWUXFWXUHZKLFKXQGHUJR
LQWHQVLYHLQIOXHQFHVIURPHQYLURQPHQWDQGWUDIILFRUFDQEHH[SRVHGWRYDULRXVRWKHUWKUHDGVLQHYLWDEO\FDXVLQJVRPH
GDPDJHWRWKHLUVWUXFWXUH7KLVZRUNFRQFHQWUDWHVRQWKRVHGHIHFWVDQGIDLOXUHVZKLFKDUHLQIOXHQFLQJWKHPHFKDQLFDO
EHKDYLRXURIEULGJHV7KHPRVWLPSRUWDQWHOHPHQWVUHODWHGWRGHYHORSPHQWRIEULGJHGHIHFWVDUHGLVWLQJXLVKHGDQG
GHVFULEHG7KHSRVVLELOLWLHVWRFRQVLGHUYDULRXVGDPDJHFDVHVLQQXPHULFDOPRGHOVDUHSUHVHQWHG6XFKNQRZOHGJHFDQ
EHXVHIXOGXULQJDVVHVVPHQWRIH[LVWLQJVWUXFWXUHVZKLFKDOZD\VFRQWDLQVRPHGHIHFWV

1RPHQFODWXUH
%& ERXQGDU\FRQGLWLRQV
)( )LQLWH(OHPHQW
d GDPDJHOHYHO
L, E, I GDPDJHORFDWLRQH[WHQWLQWHQVLW\
D GHJUDGDWLRQOHYHO
'HYHORSPHQWRIEULGJHGHIHFWVDQGIDLOXUHV
2.1. Classification of basic damage types  
7KHEDVLFGDPDJHW\SHVWKUHDWHQLQJPHFKDQLFDOSHUIRUPDQFHRIVWUXFWXUHVLQFOXGH
x ORVVRIPDWHULDO
x PDWHULDOGHJUDGDWLRQ
x GLVFRQWLQXLW\IUDFWXUHEUHDNLQJFUDFNLQJ
x GHIRUPDWLRQDQG
x GLVSODFHPHQW
7KDW NLQG RI FRQVLVWHQW FODVVLILFDWLRQZKLFK FRXOG EH DSSOLHG WR DQ\ W\SH RI VWUXFWXUHV LV RQH RI WKH EDVHV RI
PDQDJHPHQWVWUDWHJLHVRUH[SHUWWRROVEHLQJFRPSRQHQWVRI%ULGJH0DQDJHPHQW6\VWHPVVHHHJ>@>@>@
2.2. Threats to bridge structures 
7KHPRVWFRPPRQWKUHDWVWREULGJHVLQIOXHQFLQJWKHLUPHFKDQLFDOSHUIRUPDQFHDUH
 LPSDFWRIDQREMHFWYHKLFOHVKLSVGHEULV
 IDWLJXH
 DJLQJFRUURVLRQ
 ILUH
 IORRG
 RYHUORDGLQJLQFUHDVHGVWDWLFORDGLQJRUG\QDPLFDPSOLILFDWLRQ
 KXPDQHUURU
 WHUURULVPYDQGDOLVPDFW
 H[SORVLRQ
 VWUXFWXUDOIODZ
 PLQLQJHIIHFW
 ZDUDFWLYLW\
$QLPSRUWDQWLVVXHLVGXUDWLRQRIDWKUHDWDFWLRQRQWKHVWUXFWXUHZKLFKPD\EH
x VKRUWODVWLQJIRUDIUDFWLRQRIDVHFRQGVHFRQGV
x PRGHUDWHPLQXWHVKRXUV
x ORQJGD\V\HDUV
&RUUHVSRQGLQJGXUDWLRQFDWHJRULHVIRUWKHFRQVLGHUHGWKUHDWVDUHLQGLFDWHGLQ7DEOH
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2.3. Damage cases and failures of bridge structures 
2QWKHEDVLVRIEULGJHREVHUYDWLRQVFDUULHGRXWLQ3RODQG>@DQG(XURSH>@WKHW\SLFDOGDPDJHFDVHVDQGIDLOXUHV
RIEULGJHPHPEHUVLQIOXHQFLQJPHFKDQLFDOEHKDYLRXURIWKHVWUXFWXUHVPD\EHLQGLFDWHGZKLFKKDUHDVIROORZV
$ ORVVRIPDWHULDOLQWKHPDLQJLUGHU
% FUDFNLQJLQWKHPDLQJLUGHU
& GHIRUPDWLRQRIWKHPDLQJLUGHU
VFURVVVHFWLRQ
' PDWHULDOGHJUDGDWLRQRIWKHPDLQJLUGHU
( GHIRUPDWLRQRIDWUXVV¶VWUXW
) IUDFWXUHRIDKDQJHU
* EUHDNLQJRIDFROXPQ
+ GLVSODFHPHQWRIDVXSSRUWVSDQ
5HODWLRQVKLSVEHWZHHQGDPDJHFDVHVRIEULGJHVDQGSRVVLEOHWKUHDWVFDXVLQJWKHPDUHJLYHQLQ7DEOH$PRQJ
WKHPIUHTXHQWDQGUDUHVRPHWLPHVMXVWWKHRUHWLFDOO\SRVVLEOHUHODWLRQVDUHLQGLFDWHG
7DEOH'DPDJHFDVHVRIEULGJHVDQGSRVVLEOHWKUHDWVFDXVLQJWKHP
'DPDJHFDVH
7KUHDW
           
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$ /RVVRIPDWHULDOLQWKHPDLQJLUGHU Ɣ  Ɣ     Ɣ Ɣ ż  Ɣ
% &UDFNLQJLQWKHPDLQJLUGHU Ɣ Ɣ    Ɣ Ɣ  Ɣ Ɣ Ɣ ż
& 0DWHULDOGHJUDGDWLRQRIWKHPDLQJLUGHU  Ɣ Ɣ Ɣ   Ɣ   Ɣ  
' 'HIRUPDWLRQRIWKHPDLQJLUGHU
VFURVVVHFWLRQ Ɣ   Ɣ ż ż  Ɣ Ɣ  ż ż
( 'HIRUPDWLRQRIDWUXVV¶VWUXW Ɣ     Ɣ  Ɣ Ɣ  ż ż
) )UDFWXUHRIDKDQJHU Ɣ Ɣ Ɣ Ɣ  Ɣ Ɣ Ɣ Ɣ Ɣ  Ɣ
* %UHDNLQJRIDFROXPQ Ɣ Ɣ Ɣ ż Ɣ Ɣ Ɣ Ɣ Ɣ Ɣ Ɣ Ɣ
+ 'LVSODFHPHQWRIDVXSSRUWVSDQ Ɣ    Ɣ ż Ɣ   ż Ɣ 
1RWDWLRQ6±VKRUW0±PRGHUDWH/±ORQJƔ±IUHTXHQWUHODWLRQż±UDUHUHODWLRQ
2.4. Damage development  
3URFHVVRIGDPDJHGHYHORSPHQW LVDQ LQHYLWDEOHSDUWRIVWUXFWXUH¶V OLIHKDYLQJVWULFWFDXVHVDQGEULQJLQJVRPH
IXUWKHUHIIHFWV,WLWVSUHVHQWHGLQ)LJRQWKHEDFNJURXQGRIDW\SLFDOVWUXFWXUDOOLIHF\FOHFRPSRVHGRIFRQVHFXWLYH
VWDWHV LQLWLDO ZLWKRXW GDPDJH GDPDJHG DQG UHQRYDWHG ZKLFKPD\ EH WKH LQLWLDO RQH IRU WKH QH[W F\FOH 7KH
JHQHUDOL]HGdamage levelLQFOXGLQJGDPDJHintensityextentRUdegradation levelGHILQHGLQFKDSWHULVPHDVXUHG
E\PHDQVRIdSDUDPHWHUUDQJLQJIURPWRFKDQJLQJLQWLPHt6SHFLILFPRPHQWVLQWKHVWUXFWXUHOLIHDUH
x t EHJLQQLQJRIWKHFRQVLGHUHGSHULRG
x tG EHJLQQLQJRIWKHGDPDJHGHYHORSPHQW
x tI PRPHQWRIIDLOXUHRFFXUUHQFHLHZKHQdLVHTXDOWRGDPDJHOHYHOdIFRUUHVSRQGLQJWRIDLOXUH
x tP PRPHQWRIUHDFKLQJWKHPD[LPXPGDPDJHOHYHOd  
x tI PRPHQWRIDUHSDLU
'DPDJH OHYHO d LV XVXDOO\ LQFUHDVLQJ LQ WLPH KRZHYHU YDULRXV SURJUHVV UDWHV FDQ GHVFULEH WKH SURFHVV 7KH
SDUDPHWHUdPD\DOVRQHYHUJHWWKHPD[LPXPYDOXHVZLWKLQDJLYHQOLIHF\FOH6HOHFWHGWKUHHRIPDQ\SRVVLEOHFDVHV
RIGDPDJHGHYHORSPHQWUDWHVUHSUHVHQWHGE\IXQFWLRQdtDUHJLYHQDQGQXPEHUHGLQ)LJ
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
)LJ3URFHVVRIGDPDJHGHYHORSPHQWFDXVHGE\DWKUHDW
OLQHDUFKDQJHXSWR
QRQOLQHDUFKDQJHXSWRdDQG
WKUHVKROGIXQFWLRQFKDQJLQJVXGGHQO\IURPWRIRUt tI
7KHUDWHRIGDPDJHGHYHORSPHQWLVXVXDOO\UHODWHGWRWKHQDWXUHDQGGXUDWLRQGLVWLQJXLVKHGLQ7DEOHRIWKHDFWLQJ
WKUHDW)RULQVWDQFHXVXDOO\WKHVKRUWWHUPEXWLQWHQVLYHWKUHDWVFDXVHVXGGHQLQFUHDVHRIWKHGDPDJHOHYHO7KHUHIRUH
WKHJLYHQGDPDJHFDVHPD\KDYHGLIIHUHQWKLVWRU\DQGUDWHVRISURJUHVVGHSHQGLQJRQWKHWKUHDWFDXVLQJLW'DPDJH
GHYHORSPHQWLVFDXVHGE\RQHRUPDQ\WKUHDWVJLYHQLQFKDSWHUZKLFKPD\VWDUWDFWLQJRQWKHVWUXFWXUHLQWKH
PRPHQWtGRUHYHQEHIRUHLWLQFDVHRIWKUHDWVDIIHFWLQJWKHVWUXFWXUHVORZO\DQGLQDORQJSHULRG9HU\RIWHQWKUHDWV
DFWRQWKHVWUXFWXUHORQJHUWKDQtPKRZHYHUWKHRSSRVLWHVLWXDWLRQLVQRWSRVVLEOH
7KHWLPHtILQGLFDWHVIDLOXUHRFFXUUHQFHLHPRPHQWZKHQdLVHTXDOWRGDPDJHOHYHOdIWUHDWHGDVWKHIDLOXUH)RU
VRPHRI WKHGDPDJHFDVHV OLNH IUDFWXUHRIDKDQJHU WKLV OHYHO LVDSSDUHQWZKLOH IRUVRPHRWKHUV LW LVGHILQHGE\
DYDOXHHQGDQJHULQJVDIHW\VHUYLFHDELOLW\IXQFWLRQDOLW\RUGXUDELOLW\RIWKHVWUXFWXUH
2.5. Post-damage structure response 
$IWHUDGDPDJHRFFXUUHQFHYDULRXVFRQVHTXHQFHVDQGVWUXFWXUDOEHKDYLRXUVFHQDULRVDUHSRVVLEOH7KHOLVWRIWKHP
LQRUGHUIURPWKHRQHVZKLFKDUHQHJOLJLEOHIRUWKHVWUXFWXUDOSHUIRUPDQFHXSWRWKHPRVWVHYHUHRQHVLVDVIROORZV
x ODFNRIVLJQLILFDQWUHDFWLRQ
x G\QDPLFH[FLWDWLRQ
x LQFUHDVHRIGLVSODFHPHQWV
x JHWWLQJDQRWKHUHTXLOLEULXPVWDWH
x UHGLVWULEXWLRQRILQWHUQDOIRUFHV
x IDLOXUHRIVXEVHTXHQWPHPEHUV
x SURJUHVVLYHFROODSVH
7KHVWUXFWXUH UHVSRQVHPD\ VWDUW VRRQDIWHU WKHPRPHQW tG7KXV VRPHRI WKHFRQVHTXHQFHVDSSHDUEHIRUH WKH
IDLOXUHEXWXVXDOO\WKHPRVWVLJQLILFDQWUHVSRQVHLVGHYHORSHGDWWKHPRPHQWtI7KHQWKHLQIOXHQFHRIDORFDOGDPDJH
OLPLWHGWRDVLQJOHFURVVVHFWLRQRUPHPEHUFDQVSUHDGRQWKHZKROHVWUXFWXUDOV\VWHPDQGWKHDELOLW\RIWKHVWUXFWXUH
WRZLWKVWDQGWKHHIIHFWLVPHDVXUHGE\LWVUHGXQGDQF\RUUREXVWQHVV>@>@
%ULGJHGDPDJHPRGHOOLQJLQQXPHULFDOPRGHOV
3.1. Parameters of damage description 
,QRUGHUWRGHVFULEHDGHIHFWLQDQXPHULFDOPRGHOVRPHSUHFLVHIXQFWLRQVGHILQLQJLWVORFDOL]DWLRQDQGVL]HFDQEH
DSSOLHG+RZHYHULQPDQ\FDVHVDJHQHUDODQGVLPSOLILHGGHVFULSWLRQRIWKHGDPDJHIHDWXUHVLVVXIILFLHQWRUUHTXLUHG
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>@>@)RUGHILQLWLRQRIDJLYHQGHIHFWLQDVWUXFWXUDOPHPEHUZKLFKPD\EHWUHDWHGDVDQHORQJDWHGREMHFWZLWK
WKHORQJLWXGLQDOD[LVxLQDFFRUGDQFHZLWKWKHGLUHFWLRQRIWKHPDLQIRUFHIORZWKUHHJHRPHWULFDOSDUDPHWHUVFDQEH
LQWURGXFHG location extent DQG intensity ,Q DGGLWLRQ D degradation level LV DSSOLHG IRU GHVFULSWLRQ RI PDWHULDO
SURSHUWLHV¶FKDQJH7KHGDPDJHSDUDPHWHUVDUHGHILQHGDVIROORZV
x locationL±DUDWLREHWZHHQGDPDJHG]RQHFHQWUHFRRUGLQDWHxcPHDVXUHGDORQJPHPEHUPDLQD[LVxDQG
RYHUDOOPHPEHUOHQJWKlILJGHVFULEHGE\WKHHTXDWLRQ
l
xL c   
x extentE±DUDWLREHWZHHQGDPDJHG]RQHOHQJWKǻlPHDVXUHGDORQJDPHPEHUD[LVxDQGPHPEHURYHUDOO
OHQJWKlILJH[SUHVVHGDFFRUGLQJWRWKHHTXDWLRQ
l
lE ǻ   
x intensity I ± D UDWLR EHWZHHQ FURVVVHFWLRQ DUHD ǻA RI WKH GDPDJHG ]RQH PHDVXUHG SHUSHQGLFXODUO\ WR
DPHPEHUD[LVxDQGPHPEHURYHUDOOFURVVVHFWLRQDUHDA ILJDFFRUGLQJWRWKHHTXDWLRQ
A
AI ǻ   
x degradation levelD±DPHDVXUHRIPHPEHUPDWHULDOGHJUDGDWLRQGHILQHGDVDUDWLREHWZHHQWKHUHGXFWLRQ
RIDJLYHQPDWHULDOSURSHUW\ǻfLQWKHGDPDJHG]RQHWRWKHSURSHUW\fRIWKHLQWDFWPDWHULDOWKHPDWHULDOSURSHUW\
UHSUHVHQWVHJPDWHULDOVWUHQJWKRUPRGXOXVRIHODVWLFLW\LWLVGHILQHGE\WKHHTXDWLRQ
f
fD ǻ   

)LJ3URFHVVRIGDPDJHGHYHORSPHQWFDXVHGE\DWKUHDW
7KHQWKHGDPDJHOHYHOdDSSOLHGLQFKDSWHUPD\EHGHILQHGRQWKHEDVLVRIWZRWKHPRVWLPSRUWDQWGDPDJH
SDUDPHWHUVDVIROORZV
DId    
,QFDVHRILUUHJXODUGLVWULEXWLRQRIDGDPDJHZLWKLQDPHPEHUWKHH[WUHPHYDOXHRIGDPDJHGDUHDǻAWKHDYHUDJH
GDPDJHGDUHD OHQJWKǻl DQG WKHDYHUDJHPDWHULDOSURSHUW\ UHGXFWLRQǻf VKRXOGEH WDNHQ LQWRDFFRXQWDV WKHPRVW
UHSUHVHQWDWLYHFRPSRQHQWVRIWKHGDPDJHGHVFULSWLRQ
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3.2. Simulation of threats 
6LPXODWLRQRIDSURFHVVRIDWKUHDWDFWLRQDQGDGDPDJHGHYHORSPHQWLQDVWUXFWXUHGXHWRWKHWKUHDWLVDQLPSRUWDQW
DQG YHU\ FRPSOH[ QXPHULFDO SUREOHP+RZHYHU WKDW NLQG RI VLPXODWLRQV UHTXLUH WKH QRQOLQHDU G\QDPLF DQDO\VLV
FDUULHGRXWE\H[SOLFLWSURFHGXUHVEDVHGRQODUJHRUYHU\ODUJHQXPHULFDOGLVFUHWHPRGHOVZKDWUHVXOWVLQVLJQLILFDQW
FRVWV H[SUHVVHG LQ WLPHRU H[SHQGLWXUHVQRW DOZD\VSRVVLEOH WR DFFHSW7KHSXUSRVHRI VXFK DQDO\VHV LV XVXDOO\
HYDOXDWLRQRIWKHVWUXFWXUDOUHVSRQVHRUDELOLW\WRZLWKVWDQGWKHLPPHGLDWHVKRUWWHUPHIIHFWVRIWKHWKUHDWZLWKRXW
FRQVLGHUDWLRQRIIXUWKHUDGGLWLRQDOORDGV7KXVDJLYHQVWXG\RIGDPDJHGHYHORSPHQWLVDOZD\VVWULFWO\UHODWHGWRWKH
DVVXPHGW\SHRIDWKUHDWDQGFDQQRWEHH[WUDSRODWHGWRRWKHUWKUHDWVHYHQLIWKHILQDOGHIHFWRIWKHVWUXFWXUHVHHPVWR
EHWKHVDPH7KHPRVWFRPPRQO\VWXGLHGSURFHVVHVRIWKUHDWDFWLRQDUHLPSDFWRIDQREMHFWH[SORVLRQRUG\QDPLF
RYHUORDGLQJVHHHJ>@
3.3. Representation of bridge defects in numerical models 
'XHWRFRPSOH[LW\RIWKHSUREOHPGHVFULEHGLQWKHSUHYLRXVFKDSWHULWVHOIIRUSUHFLVHDQDO\VLVRIGDPDJHGEULGJH
UHVSRQVHXVXDOO\ VHSDUDWH VLPXODWLRQV DUHFDUULHGRXW IRU WKHSHULRGDIWHU ILQLVKHGDFWLRQRI D WKUHDWRU LQ FDVHRI
QHJOLJLEOH LQIOXHQFH RI D VWLOO ODVWLQJ WKUHDW 7KHQ LW XVHV DPRGLILHGPRGHO RI WKH GDPDJHG VWUXFWXUH IRUZKLFK
G\QDPLFVRIWKHWKUHDWDFWLRQSURFHVVLVQRWFRQVLGHUHGEXWVRPHDGGLWLRQDOORDGVPD\EHDSSOLHGLQLW,QWKLVDSSURDFK
DJLYHQGDPDJHFDVHVWXG\LVLQGHSHQGHQWRILWVFDXVHDQGWKXVLWLVYHUVDWLOH
)RUWKLVWKUHDWLQGHSHQGHQWSKDVHWKHSRVVLEOHZD\VRIEULGJHGHIHFWV¶UHSUHVHQWDWLRQLQ)(PRGHOVDUHGHVFULEHG
LQ7DEOH$OOGDPDJHFDVHVLQFOXGHGLQFKDSWHUDUHFRQVLGHUHGLQRQHWZRDQGWKUHHGLPHQVLRQDOPRGHOV
7DEOH5HSUHVHQWDWLRQRIEULGJHGHIHFWVLQ)(PRGHOV
'DPDJHFDVHV 0RGHOFODVV
' ' '
$ /RVVRIPDWHULDO
LQWKHPDLQJLUGHU
PRGLILFDWLRQRIJHRPHWU\
PRGLILFDWLRQRIJHRPFKDUDFWHULVWLFV
WDSHUHG)(
PRGLILFDWLRQRIJHRPHWU\
)(
VUHPRYDO
FKDQJHRI)(WKLFNQHVV
PRGLILFDWLRQRIJHRPHWU\
)(
VUHPRYDO
% &UDFNLQJ
RIWKHPDLQJLUGHU
PRGLILFDWLRQRIJHRPHWU\
PRGLILFDWLRQRIJHRPFKDUDFWHULVWLFV
PRGRIHIIHFWLYHZLGWK
WDSHUHG)(
)(
VUHPRYDO
FKDQJHRI)(WKLFNQHVV
VHSDUDWHQRGHV
VHSDUDWHQRGHV
PRGLILFDWLRQRIPDWHULDOSURSHUWLHV
& 0DWHULDO
GHJUDGDWLRQ
RIWKHPDLQJLUGHU
PRGLILFDWLRQRIPDWHULDOSURSHUWLHV
HTXLYDOHQWWKHUPDOORDG
PRGLILFDWLRQRIPDWHULDOSURSHUWLHV
HTXLYDOHQWWKHUPDOORDG
PRGLILFDWLRQRIPDWHULDOSURSHUWLHV
HTXLYDOHQWWKHUPDOORDG
' 'HIRUPDWLRQ
RIWKHPDLQJLUGHU
V
FURVVVHFWLRQ
PRGLILFDWLRQRIJHRPHWU\
PRGLILFDWLRQRIJHRPFKDUDFWHULVWLFV
HTXLYDOHQWWKHUPDOORDG
PRGLILFDWLRQRIJHRPHWU\
PRGLILFDWLRQRIPDWHULDOSURSHUWLHV
\LHOGLQJ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HTXLYDOHQWWKHUPDOORDG
PRGLILFDWLRQRIJHRPHWU\
PRGLILFDWLRQRIPDWHULDOSURSHUWLHV
\LHOGLQJ
HTXLYDOHQWWKHUPDOORDG
( 'HIRUPDWLRQ
RIDWUXVV¶VWUXW
PRGLILFDWLRQRIJHRPHWU\
PRGLILFDWLRQRIJHRPFKDUDFWHULVWLFV
HTXLYDOHQWWKHUPDOORDG
PRGLILFDWLRQRIJHRPHWU\
PRGLILFDWLRQRIPDWHULDOSURSHUWLHV
\LHOGLQJ
HTXLYDOHQWWKHUPDOORDG
PRGLILFDWLRQRIJHRPHWU\
PRGLILFDWLRQRIPDWSURSHUWLHV
\LHOGLQJ
HTXLYDOHQWWKHUPDOORDG
) )UDFWXUH
RIDKDQJHU
)(
VUHPRYDO
VHSDUDWHQRGHV
HTXLYDOHQWUHDFWLRQV
)(
VUHPRYDO
VHSDUDWHQRGHV
HTXLYDOHQWUHDFWLRQV
)(
VUHPRYDO
VHSDUDWHQRGHV
HTXLYDOHQWUHDFWLRQV
* %UHDNLQJ
RIDFROXPQ
)(
VUHPRYDO
VHSDUDWHQRGHV
PRGLILFDWLRQRI%&
)(
VUHPRYDO
VHSDUDWHQRGHV
PRGLILFDWLRQRI%&
)(
VUHPRYDO
VHSDUDWHQRGHV
PRGLILFDWLRQRI%&
+ 'LVSODFHPHQW
RIDVXSSRUWVSDQ
PRGLILFDWLRQRI%&
HTXLYDOHQWUHDFWLRQV
PRGLILFDWLRQRI%&
HTXLYDOHQWUHDFWLRQV
PRGLILFDWLRQRI%&
HTXLYDOHQWUHDFWLRQV
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6HOHFWHGGDPDJHPRGHOOLQJVWUDWHJLHVVKRZQLQ)LJDUHUHSUHVHQWHGLQFDVHRIVWXGLHVRI')(PRGHOV$Q\ZD\
DQDORJLFDODSSURDFKHVFDQEHDSSOLHGWRWKHPRGHOVRIRWKHUFODVVHV7KHILUVWH[DPSOHEDVHGRQDSSOLFDWLRQRI)(V
ZLWKPRGLILHGSURSHUWLHVLQFOXGLQJPDWHULDOFKDUDFWHULVWLFRU)(WKLFNQHVVFRUUHVSRQGVWRPRGHOOLQJRIPDWHULDOORVV
FUDFNLQJRUGHJUDGDWLRQ>@)(¶VUHPRYDOGLUHFWO\UHSUHVHQWVORVVRIPDWHULDOEXWDOVRFUDFNLQJRUIUDFWXUHEUHDNLQJ
RIDZKROHPHPEHU$SSOLFDWLRQRIVHSDUDWHQRGHVLVXVHIXOLQFDVHRIFUDFNLQJDVZHOODVIUDFWXUHDQGEUHDNLQJRID
PHPEHU(TXLYDOHQWUHDFWLRQVDUHHVSHFLDOO\DGHTXDWHLQPRGHOOLQJRIDZKROHPHPEHUIUDFWXUH>@>@RUUHODWLYH
GLVSODFHPHQWRIDVSDQDQGWKHVXSSRUW0RGLILHGERXQGDU\FRQGLWLRQVFRUUHVSRQGQRWRQO\WRGLVSODFHPHQWRIVSDQV
DQGVXSSRUWVEXWDOVRPD\EHDSSOLHGLQDQDO\VLVRIDFROXPQEUHDNLQJ>@)LQDOO\PRGLILHGJHRPHWU\ILUVWRIDOO
UHSUHVHQWVGHIRUPDWLRQRIDQ\PHPEHUDVZHOODVPRGHOVPDWHULDOORVVRUFUDFNLQJVLQFHWKHVHHIIHFWVXVXDOO\OHDGWR
GLVORFDWLRQ RI WKH GDPDJHG VHFWLRQ¶V FHQWUH RI JUDYLW\ ,QPRGHOOLQJ RI GHIRUPDWLRQ LQVWHDG RI LQLWLDO JHRPHWU\
PRGLILFDWLRQDVXJJHVWHGDQGXVHIXODSSURDFKLVEDVHGRQDSSOLFDWLRQRIHTXLYDOHQWORDGVLQVRPHFDVHVWKHUPDO
ORDGVWRJHWWKHGHVLUHGGHIRUPHGJHRPHWU\>@,QWKLVZD\WKHUHDOUHVLGXDOVWUHVVVWDWHWULJJHUHGIRULQVWDQFHE\
LPSDFWRIDYHKLFOHDQGUHODWHGWRPDWHULDO\LHOGLQJFDQEHUHSURGXFHG



)LJ6HOHFWHGFDVHVRIGDPDJHPRGHOOLQJLQ')(PRGHOVDPRGLILFDWLRQRIPDWHULDOSURSHUWLHVE)(¶VUHPRYDOFJHQHUDWLRQRIVHSDUDWH
QRGHVGDSSOLFDWLRQRIHTXLYDOHQWUHDFWLRQVHPRGLILFDWLRQRI%&IPRGLILFDWLRQRIJHRPHWU\ZLWKSRVVLEOHDSSOLFDWLRQRIDQHTXLYDOHQW
ORDG
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3.4. Time-dependent damage effects 
$QDO\VLVRIGDPDJHHIIHFWRQWKHPHFKDQLFDOSHUIRUPDQFHRIEULGJHVWUXFWXUHVVRPHWLPHVUHTXLUHVFRQVLGHUDWLRQ
RIWKHKLVWRU\RIORDGVDQGGDPDJHGHYHORSPHQW7KHQQRQOLQHDUDQDO\VLVQHHGVWREHFDUULHGRXW,QFDVHRIWKUHDWV
ZLWKORQJWHUPLQIOXHQFHRQWKHVWUXFWXUHOLNHKXPDQHUURURUVWUXFWXUDOIODZLQFOXGLQJZURQJPDWHULDOSURSHUWLHV
LPSHUIHFWLRQWKLVFRQVLGHUDWLRQPD\EHFRPSOLFDWHGDQGUHTXLUHVNQRZOHGJHRQWKHVWUXFWXUHKLVWRU\VLQFHWKHSKDVH
RILWVFRQVWUXFWLRQ)RUWKHGDPDJHFDVHVUHODWHGWRUHPRYDORIPHPEHUVOLNHKDQJHUVRUVWD\FDEOHVRUDQ\RWKHU
FRQQHFWLRQVZLWKLQ WKH VWUXFWXUDO V\VWHP WKH HTXLYDOHQW UHDFWLRQV VRPHWLPHV DOVR LQFOXGLQJ G\QDPLF H[FLWDWLRQ
UHSUHVHQWLQJWKHHOLPLQDWHGLQWHUDFWLRQVKRXOGEHGHILQHG
&RQFOXVLRQV
1RWDOOGHIHFWVLQIOXHQFHWKHPHFKDQLFDOSHUIRUPDQFHRIWKHEULGJHVWUXFWXUHV7KHPRVWGDQJHURXVGDPDJHFDVHV
LQWKLVPDWWHUDUHLQGLFDWHGZLWKLQWKHSDSHU$OVRWKHW\SLFDORUMXVWSRVVLEOHWKUHDWVOHDGLQJWRGHYHORSPHQWRIWKHVH
GHIHFWVDUHSUHVHQWHGDQGWKHGLIIHUHQFHEHWZHHQYDULRXVUDWHVRI WKHSURFHVV LVVKRZQ)LQDOO\ WKHSRVVLEOHSRVW
GDPDJHVWUXFWXUDOUHVSRQVHVDUHJLYHQDQGFRPPHQWHG7KHDYDLODEOHZD\VRIWKHGDPDJHUHSUHVHQWDWLRQLQQXPHULFDO
PRGHOVEDVHGRQ)(0HWKRGDUHFROOHFWHGDQGSUHVHQWHG LQFOXGLQJHIIHFWLYHSDUDPHWULFGHVFULSWLRQDQGGHWDLOVRI
PRGHOV¶GLVFUHWL]DWLRQ
7KH SUREOHP RI EULGJH GHIHFWV VKRXOG EH DOZD\V DQDO\VHG IURP D ZLGH SHUVSHFWLYH 7KH NQRZOHGJH RI DOO
FLUFXPVWDQFHVRIDJLYHQGDPDJHGHYHORSPHQWLVFUXFLDOIRUSURSHUHYDOXDWLRQRIWKHFRPSUHKHQVLYHUHVSRQVHRIWKH
VWUXFWXUH'XULQJREVHUYDWLRQRIDQDOUHDG\GDPDJHGVWUXFWXUHVXFKDVVHVVPHQWVKRXOGEHUHODWHGWRERWKWKHFXUUHQW
VLWXDWLRQZKLFKKDVIRUPHGZKHQWKHGDPDJHZDVGHYHORSLQJDVZHOODVWKHIXUWKHUFRQVHTXHQFHVZKLFKFDQDSSHDU
ZLWKLQWKHPRGLILHGV\VWHPZLWKDGGLWLRQDOH[WHUQDOFRQGLWLRQV
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